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Device and Method for Wet Treating Disc-Like Substrates 

The invention relates to a device and a method for wet treating a flat disc-like substrate 
such as semiconductor wafers, flat panel displays or compact discs. If in the following 
the term wafer is used such disk-like substrates are meant. More specifically the 
invention relates to a device for wet treatment utilizing ultrasonic wave energy 
Whenever herein the term ultrasonic is used it shall be understood that megasonic is 
included herein as being a specific form of ultrasonic i.e. above 1MHz. 

US 4401131 A1 discloses a wafer-cleaning device wherein the wafer is held by a 
vacuum spin chuck and rotated. Simultaneously cleaning liquid is supplied between a 
transducer-plate and the wafer. The transducer plate is agitated by piezo elements 
L.qu,d is supplied between the wafer and the transducer through a central opening in 
the transducer plate. Ultrasonic is supplied across the whole wafer. This device has the 
d,sadvantage that only one side of the wafer can be treated at one time and the other 
side is mechanically touched by the spin chuck. 

US 5979475 A1 discloses a wafer-cleaning device comprising two parallel plates 
o P t«onally having an ultrasonic vibrator for treating both sides of a wafer sandwiched 
therebetween. The wafer floats on liquid cushions generated by liquid introduced 
through central openings of each plate. The wafer is not held by any further element 
and is therefore allowed to rotate freely. This device has the disadvantage that the 
wafer floating sandwiched between two plates is very hard to control and therefore most * 
of the time a very instable system. M 

An object of the invention is to simultaneously treat a wafer with liquid on both sides 
with a device, which is easy to control in order to achieve stable treating conditions. 

Another object of the invention is to apply ultrasonic wave energy to a wafer for 
sufficient cleaning but however avoiding to high local ultrasonic energy. 

Yet another object of the invention is to treat a wafer with a very low amount of liquid 
because of environmental and cost reduction purposes. 

The invention meets the objects by providing a device for wet treating a flat plate-like 
substrate comprising: 
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• a first plate 



• a second plate substantially parallel to said first plate 

• holding means for holding a wafer between said first and said second plate 
substantially parallel to said plates. 

• first dispensing means for introducing fluid into a first gap between said first plate 
and a wafer when being treated 

• second dispensing means for introducing fluid into a second gap between said 
second plate and a wafer when being treated 

• at least one vibrating element acoustically coupled to at least said second plate 

• rotating means for rotating said holding means and said second plate relative to 
each other about an axis substantially perpendicular to said second plate. 

First and second plate may be made of polymer material such as poly tetra flour 
ethylene (e.g. Teflon™), metal with coated surfaces or any other material inert to the 
treating fluids used or with an appropriate coating. A plate may have the shape of any 
kind of body, which has a flat surface serving as a plate. Such bodies may be a cone, a 
frustum, a cylinder, a circular disk or similar. 

The at least one vibrating element may be a piezoelectric transducer. Such piezoelectric 
transducers shall be bonded to a reasonable resonator typically made of rigid material 
like quartz, stainless steel, aluminum, glass or sapphire. If the plate's material is not a 
rigid material the resonator could be coupled to the plate through an intermediate 
medium like water. 

An advantage of the invention is that the second plate with the attached vibrating 
elements is brought in close proximity to a wafer to be treated, whereby ultrasonic 
sound energy can precisely be applied to the wafer. 

At the same time the first plate can absorb ultrasonic energy, which has passed through 
the wafer. Consequently undesired interferences occurring from primary ultrasonic 
waves interfering with reflected ultrasonic waves can be avoided. In order to enhance 
such an ultrasonic energy-drain damping elements can be attached to first plate. 
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Another advantage of the Invention is that the wafer is moved In the field of ultrasonic 
wave energy, which leads to equalizing the ultrasonic waves applied to the wafer. 

Although not necessary in an advantageous embodiment said plates are substantially 
horizontally arranged, which leads to the advantage that the wafer can easier be 
5 brought into the device. 

In another embodiment means are provided for rotating at least one of said two plates 
Such means may be able to rotate the first or the second plate. 

In the case said means are for rotating the first plate they may be simultaneously the 
means for rotating said holding means and said second plate relative to each other 
10 about an axis substantially perpendicular to said second plate when the holding means^ 
are attached to the first plate. In this case holding means are rotatable together with the^i 
rotatable plate. 

In the case said means are for rotating the second plate they may be simultaneously the 
means for rotating said holding means and said second plate relative to each other 
15 about an axis substantially perpendicular to said second plate when the holding means 
are not attached to the second plate. In this case holding means are not rotatable 
together with the rotatable plate. 

To couple holding means and first plate to each other to form a holding unit brings the 
advantage that the mechanics for the holding means can be housed in the first plate. M 

20 If holding means comprise gripping means for securely gripping a wafer the wafer is not \ 
only held by friction force. 

The second plate not being rotatable brings the advantage that the plate carrying the 
v,brat.ng element does not need to be rotated, which is positive with respect to the 
electronics typically attached or connected to vibrating elements such as piezoelectric 
25 transducers. 

Another embodiment further comprises a liquid collector, which is circumferential* 
surrounding said holding means for collecting liquid that flows off a wafer during being 
treated with liquid. Such a liquid collector is also called cup or splashguard 
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A further aspect of the invention is a method for wet testing a single wafer. Such a 
method comprises the following features: 

• holding a single wafer in a plane B. Plane B is defined as the symmetrical plane of 
the wafer being parallel to the wafer's main surfaces. 

• providing a first plate having a plane A facing the wafer thereby creating a first gap 
of a distance d1 

• providing a second plate having a plane C facing the wafer thereby creating a 
second gap of a distance d2 

• inserting a first liquid into said first gap thereby substantially completely filling said 
first gap 

• inserting a second liquid into said second gap thereby substantially completely filling 
said second gap 

• applying ultrasonic energy to said second plate while less than 10% of the ultrasonic 
energy applied to said second plate is applied to said first plate. 

• relatively rotating wafer and second plate against each other about a rotation axis 
substantially perpendicular to the wafer's main surfaces. 

The advantage of this method is draining and absorbing ultrasonic energy and avoiding 
refecfton of ultrasonic waves on a boundary layer and thus avoiding undesired 
interferences of primary ultrasonic waves and reflected (secondary) ultrasonic waves. 

In one embodiment a wafer is rotating, which leads to additional shear rate between the 
wafer and the adjacent plate, which enhances cleaning efficiency. However, 
alternatively said second plate may rotate. 

During term of processing substantially the second plate may at least temporarily cover 
all parts of the wafer. 

Advantageously said second liquid is inserted into said second gap through an opening 
offset to the rotation axis. 
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Further details and advantages of the invention oar, be realized from th a ■, , 
desoription of a preferred embodiment. 

ZLTZ^ ~ °' 3 ~ — * - ~ n durtng we, 

Fig. 3 shows a sohematio oross secflon of a seoond embodiment of the invention. 
Fig. 4 shows a sohematio cross seotion of a third embodiment of the invention, 
to , F lLr WS 3 SChema,i ° ° roSS — " <* a " art ° f - -bodimen, of the 

hon Z o 1 n^m'l a t • We, , ,rea,men, **" 1 ^""^ «° «» * *~ On a 

veZ reZnt 9 A " "* 3 ° en ' ral ^ 42 3 h °»° w aha « ™** » with a 

8r ante h7 7. " m ° Unted ^ h °"° W *** ^ * —» 8s, a rotor 

8r and a hollow rotating shaft 23 fixed to seid rotor 8r. 

« The lower end of the hoilow shaft 23 projecls through the oentre, opening of the flrs, 
mounflng plate 41 and is oonneoted to a Are, p,a,e 31 perpendicular to said ho ow s ^ft 
23 Sa,d Are, plate 31 has the shape of a olroular disk and the centre, axis Aof the 
hollow shaft 23 goes through the center o, the plate 31. The flrs, ptate «~ 1 1 

, n P sT 5 9 sT <SPin 0hUek, • WNCh C ° mpriSeS ~ * mov e X ng 

US5788453 o^'* T m ° Vemen ' maChanfemS « **- •* 
nnh-, h US5156174 - The show embodiment comprises six pins. AKernativelv 

onlv mree p,ns can be used of which only one pin is eocenlrically movabie fo"* 

. *ZTS2 " ° ,her 9rippin9 (0,amp,n9) e,emen,s ara — - — 
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A second plate 32 ,s provided below end substantia,^ parallel ,o said M plata 31 The 

shown, near ibe bolom o, ,be annular duo, 14 . £ , CS^^SE 
rr, 988 T 002216 12 dir9C,ed inWard ' y abW9 - *«. 14 J eoTvino 

Plate 31 and the liquid oolleotor 10 during the firs, plata being rotated. 
The liquid collector 10 is connected to a ^ . 

r ing p,a,e 43 , s eonnectad^ * "-3 ~ 
ft,ng means are ,or eltaring verticel posKion o, ft. ^ mourning pLes 41 and 43 

ab ;t :r,rt 41 is conneo,ed ,o ,he ^ — - — ~ « 
e t «: el, « riT tt n9 p,a,e 43 ,o9e,her wi,h ,he ~- - 

cona piate 32. The vertical movement is indicated by arrow 2. 
A plurality of ultrasonic vibrating elements 4 are attain 

side being opposite to the first plate 31 thl hi ^ ^ 32 °" *" 

Plate 32 Tha viw 7 9 aCOUStlca,, y cou P'^ to the second 

eiementa 4 may be plezoelecfric a " ^ *>* ^ vibrating 
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second plate 31 . 32. The lower dispenser 6 is configured to dispense efther liquid or gee 
towards the lower side of e wefer W to fully fill the gep G2 between the second plate 
and the wafer W. .his couples the ultrasonic waves generated by vibrating elements 4 to 
the wafer W. The opening of the lower dispenser 6 la set off the rotetional axis A to 
enable a vibrating element being arranged in close proximity to the wafers center Thus 
all areas of the wafer may be reached by ultrasonic waves. The lower dispenser 6 is 
connected to a multi port valve (not shown), which is further connected to at least one 
liquid source and to at least one gas source. Therefore different liquids (cleaning 
agents) and different gasas (e.g. nitrogen) mey be selectively applied. The multi port 
valve may be a cascade of single solenoid valves. 

The upper dispense system comprises two coaxially arranged tubas 21 and 22 leading 
through the hollow shaft 23 attached to first plate 31 and opening to the room between 
flrst and second plate 31. 32. The inner tube 21 is for dispensing liquid and me space 
between Inner tube 21 and outer tube 22 is for dispensing gas. Both tubes 21 22 are 
rotatable together with the hollow shaft 23. To introduce liquid to the inner tuba 21 a 
Hquid rotary connection 5 is provided. Gas Is feed in the space between the tubea 21 
and 22 through a gas rotary connection 7. 

Alternative* the device shown in Fig. 1 may of course be arranged up side down so that 
the hrst plate becomes the lower plate and the second plate the upper plate. 
Fig. 2 shows the first embodiment of the invention in an open state. 

The device according to the M embodiment can be operated ae follows with reference 
to Fig. 1 and Fig. 2. 

The lifting means 45 have lowered the second mounting plate 43 together with the liquid 
collector 10 and the second plate 32 (Fig. 2). A wafer W is inserted to the device with 
close proximity <e.g. distance d1 = 0,5 mm) to the lower surface of the first plate 31 by a 
robot end effector (not shown). Gripping pins 35 are closed to securely hold the wafer 
Second mounting plate 43 together with the liquid collector 10 and the second plate 32 
are MM (Fig. 1) until the gap G2 between the upper surface of the second plate 32 and 
the wafer W has the required distance d2 <d2 0,2 - 3,0 mm). d2 is selected in 
dependence of the cleaning parameters such as ultrasonic wave length and Intensity, 
flu,d flow speed, spin speed of the wafer or specific sound-propagation velocity of tha 
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can be agitated alternatively to avoid unwanted interferences, which would occur if the 
vibrating elements of both plates apply ultrasonic wave energy to the wafer. 

The third embodiment according to Fig. 4 differs from the second embodiment by the 
place of liquid insertion. The openings in the first plate 31 and the second plate 31 for 
5 liquid insertion are set off the axis A. 

Fig. 5 shows a schematic cross section of the part of the fourth embodiment, which is a 
modified first embodiment (Fig. 1 , 2). All parts not shown in Fig. 5 are as described with 
reference to Fig. 1 and 2. Attached to the second plate 32 are vibrating elements 4, 
which are arranged in slanted planes Er taking an angle a of about 12° to the plane Ew 
10 provided for the wafer. Vibrating elements 4 are acoustically coupled to plate 32. The 
acoustically coupling can be done directly by the way of gluing or welding the vibrator's 
resonator to the plate or can be done indirectly by using an intermediate medium such 
as oil or water. 

Alternatively (Fig. 6) the second plane 32 carrying the vibrating elements may have a 
15 surface facing the wafer comprising sections of slanted planes 32s. Such a plate may 
than have a surface similar to a flapped disc. The vibrating elements 4 are parallel to 
the slanted planes 32s. Although only two vibrating elements are shown there may be 
additional vibrating elements in all other sections. 
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Claims: 

1 . Device for wet treatment of wafers comprising 
1.1a first plate 

5 1 .2a second plate substantially parallel to said first plate 

1.3holding means for holding a wafer between said first and said second plate 
substantially parallel to said plates. 

1.4first dispensing means for introducing fluid into a first gap between said first plate 
and a wafer when being treated 

10 1 .Ssecond dispensing means for introducing fluid into a second gap between said 
second plate and a wafer when being treated 

1.6at least one vibrating element acoustically coupled to at least said second plate 
1.7rotating means for rotating said holding means and said second plate relative to 
each other about an axis substantially perpendicular to said second plate. 

15 2. Device according to claim 1 wherein said plates are substantially horizontally 
arranged. 

3. Device according to claim 1 wherein means for rotating at least one of said two 
plates. 

4. Device according to claim 1 wherein holding means and first plate are coupled to 
20 each other to form a holding unit. 

5. Device according to claim 1 wherein gripping means are provided for securely 
gripping a wafer. 

6. Device according to claim 1 wherein second plate is not rotatable. 

7. Device according to claim 1 wherein a liquid collector is circumferentially 
25 surrounding said holding means for collecting liquid that flows off a wafer during 

being treated with liquid. 

8. Device according to claim 1 wherein said second plate is sealed against said liquid 
collector. 
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9. Device according to claim 1 further comprising means for varying distance from the 
first plate to the second plate to insert a wafer to the space defined between said two 
plates and to withdraw a wafer therefrom. 

10. Device according to claim 1 further comprising first spacer means for keeping the 
first plate and the holding means in certain distance during treating the wafer to form 
a gap between the wafer and the first plate of 0.1 mm to 10 mm preferably 0,5 mm 
to 5 mm during treating the wafer. 

11. Device according to claim 1 further comprising second spacer means for keeping the 
second plate and the holding means in certain distance during treating the wafer to 
form a gap between the wafer and the second plate of 0,1 mm to 10 mm preferably 
0,5 mm to 5 mm during treating the wafer. 

12. Device according to claim 1 wherein at least one of said at least one vibrating 
element is arranged with respect to the surface of the second plate facing the wafer 
so that ultrasonic waves are substantially directed to the wafer when treated taking 
an angle a' of 85° to 60° to the plane provided for the wafer. 

t 3 - Device according to claim 1 further comprising additional gas dispenser for at least 
one of said first and second gap. 

14. Device according to claim 1 wherein an opening in at least one of said first or 
second plate does not include the rotational center. 

15. Device according to claim 1 wherein at least one vibrating element is arranged to 
cover the area of the rotational axis. 

16. Device according to claim 1 further comprising means for opening and closing 
holding elements of said holding means during treatment of the wafer. 

17. Device according to claim 1 wherein at least one plate at least partly comprises 
material having a specific sound-propagation velocity deferring not more to the 
specific sound-propagation velocity of water. 

18. Method for wet treating a single wafer comprising 

18.1 holding a single wafer in a plane B 

18.2 providing a first plate having a plane A facing the wafer thereby creating a first 
gap of a distance d1 
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18.3 providing a second plate having a plane C facing the wafer thereby creating a 
second gap of a distance d2 

18.4 inserting a first liquid into said first gap thereby substantially completely filling 
said first gap 

18.5 inserting a second liquid into said second gap thereby substantially completely 
filling said second gap 

18.6 applying ultrasonic energy to said second plate while less than 10% of the 
ultrasonic energy applied to said second plate is applied to said first plate. 

18.7 relatively rotating wafer and second plate against each other about a rotation 
axis substantially perpendicular to the wafer's main surfaces. 

19. Method according to claim 18 wherein the wafer is rotating. 

20. Method according to claim 18 wherein during term of processing substantially all 
parts of the wafer are at least temporarily covered by the second plate. 

21. Method according to claim 18 wherein said second liquid is inserted into said second 
gap through an opening offset to the rotation axis. 



SEZ 0081 -AT 



Abstract 

Disclosed is a device for wet treating a flat plate-like substrate utilizing ultrasonic 
energy and a method associated with the device. 
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